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The sequence of alterations occurring in recurrent 
erythema multiforme was studied with clinical obser-
vations, 1-p.m tissue sections, and immunofluorescence 
techniques. Lesions evolved through 3 stages: an initial 
red papule, a vesicle surmounting a red papule, and a 
target (iris) lesion. Focal endothelia.! cell swelling was 
present in clinically normal skin. In the red papule, 
endothelial cytoplasmic swelling, vacuolization, and nu-
clear hypertrophy with luminal obliteration of superfi-
cial venules developed. These venular alterations were 
more marked with endothelial cell necrosis, and involved 
deeper venules as well in vesicular and target lesions. 
Lymphocytes surrounded the venules and infiltrated the 
lower epidermis in the red papule and the vesicular 
lesions. Venular damage was correlated with the degree 
of infiltration by lymphocytes, apparently the primary 
effector cell, suggesting the venule as a primary target 
of injury. Hypogranulated basophils were noted around 
venules in vesicular and target lesions. Fibrin deposits 
were identified within and interstitially beneath the ves-
icles. The presence of lymphocytes, basophils, and inter-
stitial fibrin deposition is similar to the changes of cu-
taneous delayed-type hypersensitivity and suggests a 
role for cell-mediated immunity in the pathogenesis of 
erythema multiforme. 
Erythema multiforme is an a~ute, self-limited, frequently 
recurrent inflammatory disorder of the skin and mucous mem-
branes, characterized by target (iris) lesions. This disorder has 
been considered to be a hypersensitivity reaction to a variety of 
precipitating agents, most notably drugs and infectious orga-
nisms [1]. A role for immune mechanisms has been proposed in 
the pathogenesis of erythema multiforme. Direct immunofluo-
rescence studies of early skin lesions have shown deposits of 
C3, either alone or with lgM, in the superficial microvasculature 
[2-6]. Immune ·complexes in the sera and in blister fluids of 
patients with erythema multiforme have been detected by the 
Clq binding assay, the monoclonal rheumatoid factor assay, and 
the Raji cell radioimmunoassay, and have been identified as 
cryoglobulins [3-7]. 
In order to define and to understand the sequence of immu-
nopathologic and pathobiologic events in erythema multiforme, 
this morphologic study with 1-p.m sections and direct immu-
nofluorescence techniques wa_s undertaken. 
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MATERIALS AND METHODS 
Five subjects, 16-44 years of age, 3 men and 2 women, emolled in 
the study after giving informed consent. All subjects had an acute self-
limited cutaneous eruption with at least 1 target lesion. Four individuals 
experienced episodes of recurrent post-herpes erythema multiforme for 
2 months to 17 years; 1 patient had recurrent idiopathic erythema 
multiforme of 3 years' dw-ation. No subject had received either systemic 
or topical corticosteroid therapy for 6 months prior to the study. 
Three subjects (2 post-herpes and 1 idiopathic) were observed during 
the development of lesions, and in each individual the lesions evolved 
through 3 clinical stages over approximately 24 h: erythematous papule, 
vesicle sm·mounting an erythematous papule, and target lesion. each of 
which along with clinically normal skin more than 3 em from lesions 
was biopsied in each subject. Skin biopsy specimens were obtained only 
from target lesions in the other 2 subjects. 
After the periphery of each biopsy site was anesthetized with 2% 
lidocaine without epinephrine, 4-mm skih biopsy specimens were ob-
tained. One-half of each specimen was immediately fixed in a solu tion 
containing 2.5% glu taraldehyde, 2% paraformaldehyde, and 0.025% cal-
cium chloride in 0.1 M cacodyla te buffer; postfixed in 1% or 2% osmium 
tetroxide, dehydrated, and embedded in Epon. Sections, 1-,.un thick, 
were stained with Giemsa reagent, pH 8.0, and examined by light 
microscopy at magnifications up to 1000x [8-12). The extent of tissue 
alterations was assessed on a semiquantitative scale of 0 to 4+ 
[10-12], in which± indicated trace, 1+ to 2+ intermediate, and 3+ to 
4+ extensive changes. The estimation of the absolu te frequencies of 
each cell type was considered independently and expressed as number 
of cells per mm2 , in which ± represented less than 100 mononuclear 
and less than 10 polymorphonuclear cells, 1 +to 2+ represented 100-400 
mononuclear and 10-100 polymorphonuclear cells, and 3+ to 4+ rep-
resented more than 400 mononuclear and more than 100 polymorpho-
nuclear cells. 
The unfixed half of each biopsy specimen was immediately frozen in 
OCT Compound (Ames Co., Division of Miles Laboratories, E lkhard, 
Indiana) and stored at -70°C. Four-millimeter cryostat sections were 
air dried and incubated in moist chambers at room temperature for 30 
min with monospecific fluoresceinated goat antisera to human IgG, 
IgM, IgA, lgE, C3, fibrinogen/fibrin, and albumin (N. L. Cappel Labo-
ratories, Cochranville, Pennsylvania) [13]. The sections were mounted 
in Elvanol (E. I. Dupont de Nemours Co., Wilmington, Delaware) and 
viewed through a Zeiss Universal fluorescence microscope, (Zeiss, Inc., 
Oberkocken, Germany) using 3 RS vertical illumination. Both direct 
and indirect immunofluorescence techniques were used to detect 
HB.Ag. 
At the time the skin biopsy specimens were obtained, blood was 
drawn for laboratory studies that included: complete blood count; 
eosinophil count; erythrocyte sedimentation rate; blood chemistry pro-
file; serum levels of IgG, lgM, lgA, IgD, and IgE; circulating immune 
complexes assessed by Clq binding assay [14]; cryoglobulins; cryofibri-
nogens; cold agglutinins; CH50 [15]; and immunochemical measme-
ments of Clq [16], C4 [17], C3 [16], CliNH [18], properdin [19], and 
factor B [20]. 
RESULTS 
Refined histopathologic alterations in different clinical 
stages 
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Clinically uninvolved skin: Skin which appeared clinically 
normal exhibited histologic alterations. The superficial venular 
plexus and superficial capillary venules exhibited focal (±/1 +) 
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endothelial cell swelling with darkening of the cytoplasm, focal 
vacuolization, and focal luminal occlusion by large endothelial 
cells (Fig 1). A scant perivenular infiltrate (±) consisted pri-
marily of lymphocytes. Mast cells appeared normally granu-
lated. 
Erythematous papule: In all superficial venules and superfi-
cial capillary venules, moderate endothelial cell swelling (2+) 
with cytoplasmic darkening (1 +) and vacuolization (1 +) was 
accompanied by luminal narrowing and focal obliteration (2+). 
Perivenular (2+) and focal intervenular inf"Iltrates (±/ 1+) of 
lymphocytes which had altered configmations similar to 
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F rG 1. Clini ca lly norma l s kin: a superficia l venule, focally sur-
rounded by ly mphocytes, exhibi ts swollen endothelia l cells wi t h 
darkened a nd vacuolated cytoplasm. Note widened basement mem-
bra ne zone. ( l -~tm section, Giemsa, X 640) 
FIG 2. Erythematous pa pule: striking infil t rate of activated lympho-
cytes surrou nds a venu le t hat exhib its ma rked endothe lia l cell swelling 
wi th pyknosis of nuclei. Lymphocytes a re present in in tervenular array 
as well. (1-rtm section, Giemsa, x 640) 
I' 
"J: ~ 
.1" -~ 
...... ~ ... 
, ' ( _...,.. 
- • --. 
..... 
t' ...... 
FIG 3. Vesicle surmoun ting an erythematous papule: superficial ven-
ules surrounded by activated ly mphocytes a nd rare basophils exhib it 
prominent endothelia l ce ll swelling with lumina l obli teration a nd mark-
edly vacuolated endothelia l ce lls . (1-,um sect ion, G ie msa, X 640) 
FIG 4. Vesicle surmoun ting a n erythematous papule: extensive 
dyskeratotic cells separated by in terce llu lar edema form base of the 
roof of an early vesicle. Note inflammatory cells a nd fibrin in vesicle 
(a./Tow). (1-,um section, Giemsa, x 640) 
"activated" cells undergoing blast transformation were noted. 
The changes included (2+) hyperchromatic nuclei, prominent 
nucleoli, and increased cytoplasm; macro phages (1 +) contain-
ing pigment were noted in association with focally extensive 
papillary dermal edema (2+) (Fig 2) . Mast cells appeared 
normally granulated. 
The epidermis exhibited moderate intercellular (2+) and 
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FJG 5. Target les ions. A, Endothelial cell necrosis is evidenced by residuum of cytoplasmic debris at the basement membrane zone (arrow). 
(1-!Lm section, Giemsa, x 640). B, In dermal venule note pyknosis of nuclei of endothelial cells, which a re contiguous with a markedly swollen and 
activated endothelial celL Striking basement membrane zone widening is likewise present. (1-!Lm section, Giemsa, x 1600) 
intracellular (1 +) edema, occasional dyskeratotic cells (±),and 
basal vacuolization, all changes apparently related to the extent 
oflower epidermal infiltration by lymphocytes (2+) . 
Vesicle surmounting an erythematous papule: The periph· 
ery of vesicular lesions demonstrated epidermal and dermal 
alterations qualitatively identical to those described for the 
erythematous papule but quantitatively more severe. The most 
extensive dermal changes (Fig 3), including striking venular 
damage with marked endothelial cell swelling (3+ ), cytoplasmic 
darkening (2+ ), vacuolization (2+ ), and occasional endothelial 
cell necrosis (±), and focal total occlusion ofvenules were noted 
beneath vesicles (4+). Some venules directly beneath vesicles 
were slightly dilated (1 + ), but filled with erythrocytes (com-
paction). 
"Activated" lymphocytes (3+), macrophages (1+), rare par· 
tially hypogranulated basophils (±), and partially hypogranu· 
lated mast cells surrounded affected venules in association with 
papillary dermal and perivenular edema (2+). Fibrin strands 
and mats (2+) were scattered in interstitial array throughout 
the reticular dermis, extending into the papillary dermis be· 
neath the vesicle cavity. 
Epidermal alterations (Fig 4), associated with a more intense 
lymphocytic intJJtrate (2+ ), and including intercellulru· (3+) and 
intracellular (1+) edema, dyskeratosis (3+), necrosis (±),and 
basal vacuolization (4+ ), were more marked, especially adjacent 
to the fibrin (2+)-containing vesicles. 
Target lesion: The center of the target lesions had alterations 
qualitatively similar to the vesicle but, in addition, had exten-
sive venular damage (3+), -in the form of endothelial necrosis 
with denudation of cytoplasm (Fig 5A) and pyknosis of nuclei 
(Fig 5B) noted even in the mid-reticular dermis. Central dilated 
superficial venules contained erythrocytes, occasional neutro-
phils and lymphocytes, whereas peripheral venules exhibited 
luminal obliteration. The arterioles were not affected. The 
peri venular infiltrate contained "activated" lymphocytes (3+), 
macro phages containing melanin (2+) and some hypogranu· 
lated basophils (2+), neutrophils (±), eosinophils (±), and fo-
cally hypogranulated mast cells (Fig 6). A large central subepi-
dermal blister exhibited moderate dyskeratosis (3+ ), partial 
necrosis (2+), extensive ballooning, and cloudy swelling of the 
cells of its roof; it contained fibrin (2+ ), lymphocytes (2+ ), 
basophils (±),and neutrophils (±). 
Direct Immunofluorescence Findings 
In the clinically uninvolved skin lgM a nd C3 were deposited 
in a homogeneous or granular pattern in the superficial micro-
vasculature of 2 subjects and in a granular pattern along the 
dermal-epidermal (DE) junction in the third subject. Trace 
FIG 6. Target lesion: dermal venu le is surrounded by an extensive 
infil trate of activated lymphocytes and basophils (arrow), some of 
which a re hypogranu lated. Note hypogranulated mast ce Ll s (G.ITOW· 
head). (J ·!Lm section, Giemsa, X l600) 
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amounts of fibrin were a pparent in superficial vessels, along the 
DE junction and in the interstit ium. In papules a nd vesicles, 
IgM and C3 were presen t in a granular or occasionally homo-
geneous pattern in the superficial microvasculature and/ or 
along t he DE junction in each subj ect; fibrin was detected 
interstitially, in vesse ls, along the DE junction, and in blister 
cavities. In target lesions only C3 was present in the superficial 
microvasculature in 2 of 3 specimens. Extensive fibrin deposits 
were present in s imilar pattern to th ose observed in papules 
and vesicles. In traepidermal colloid bodies and dyskeratotic 
cells were stained with IgM , th ose along t he DE junction with 
IgA and IgG. H erpes virus antigen was detected in the super-
ficial blood vessels in lesional but not normal skin of 1 subject 
with a history of herpex simplex virus infection. 
L a boratory Determinations 
Positive laboratory findings were an elevated erythrocyte 
sedimentation rate in 1 female subject (52 mm/ h; normal <20 
mm/ h) and ab normal Clq binding assays in 2 of 3 su bjects (29 
}lg/ml and 50 }lg/ ml ; normal <23 }lg/ ml). 
DISCUSSION 
Refined histologic studies of clinically uninvolved skin and of 
early, intermed iate, and fully developed lesions in patients with 
erythema mul t iforme demonstrated a sequence of histologic 
ab normalities. In uninvolved skin, mild venular a lterations and 
a sligh t pe rivenular infil trate of ly mphocytes was present . In 
erythematous papules, extensive and more progressive venular 
alterations were associated with increased numbers of periven-
ular lymphocytes and dermal edema. In early vesicles more 
extensive endothelial cell dam age was noted wi t h a perivenular 
infiltrate of "activa ted" lymphocytes and rare basophils. Partial 
hypogranulation of mast cells was noted for the first t ime. In 
target lesions superficial and deep venula r alterations included 
fo cal endothelial cell necrosis associated with a prominent 
perivenular infil trate of lymphocytes a nd basophils. Marked 
mast cell hypogranulation was observed. 
A striking finding of this study was t he resemblance of the 
sequence of histologic changes to those of allergic contact 
dermatitis [8]. Especially noteworthy was the early and pro-
gressive appearance of activated lymphocytes fo llowed later by 
basophils that became hypogranulated. In both disorders the 
initial cellular infiltrate was not associated with mast cell a lter-
ations, which appeared later. Fmthermore, the endothelial cell 
alterations were similar in both disorders. A striking difference 
concerning the microvasculature was the involvement of prac-
tically all dermal venules in erythema multiforme, whereas only 
those venules sunounded by lymphocytes showed alterations 
in all ergic contact dermatit is [10]. Interstitial fibrin deposition , 
albeit less extensive in erythema multifoFme, characterized both 
processes. In both disorders intercellular edema with focal 
dyskeratosis was noted early. However, in late lesions of ery-
thema multiforme, subepidermal vesiculation occuned, 
whereas in allergic contact dermatitis, intraepidermal vesicle 
formation was noted. 
The study of erythema multifqrme r evealed similari t ies to 
and striking differ ences from bullous pemphigoid, a subepi-
dermal bullous disease with an early lymphocytic component 
[21]. Involvement of venules in clinically uninvolved skin and 
the early and progressive nature of the venular abnormalities 
were similar in both disorders; h owever, the sequence of mast 
cell and infil trating inflammatory cell changes differed. Initially, 
in bullous pemphigoid hypogranulated mast cells migrated 
toward and across the basement membrane zone, whereas in 
erythema multiforme mast cell alterat ions appeared only after 
the dermal inflammatory infiltrate was present. Basophils un-
dergoing hypogranulation appeared in both reactions, albeit 
later in erythema multiforme. 
A major difference was the prominent participation in bullous 
pemphigoid of eosinophils with cytolysis and loss of granule 
contents [22]. Furt hermore, the major basic protein of eosino-
phil granules may play a role in blister formation in bullous 
pemphigoid [23], whereas in erythema multiforme intercellular 
edema and dyskeratosis associated with infiltrating lympho-
cytes characterized blister formation . 
The sequent ial appearance of lymphocytes and basophils, the 
progressive microvascular abnormalities, and the interstit ial 
deposit ion of fibrin strongly suggest a role for cell-mediated 
immune mecha nisms in erythema mult iforme. Deposition of 
immunoreactants in cl inically normal skin and in the eru·ly 
lesions of erythema multiforme has been noted [2- 6]. However, 
such immune reactants may lodge in vessels because of the 
early endothelial cell abnormali t ies documented in this study. 
Alternatively, it has been suggested t hat these immunoreac-
ta nts may contribute to venulru· damage [2,3] and the attraction 
of infla mmatory cells with C3d receptors, such as monocytes 
a nd lymphocytes. Possibly the endothelial cell pruticipates in 
the evolut ion of this disorder either as an effector cell with the 
capacity to produce biologically active molecules or as an 
accessory cell with the abili ty to promote T-lymphocyte acti -
vat ion [24]. 
T he presence of herpes simplex-virus antigens in keratino-
cytes has recently been documented in the lesions of erythem a 
multiforme [25], whereas in this study, th e antigen was detected 
in the super ficial microvasculature. Sera from subjects with 
erythema multiforme have been shown to induce antibody-
dependent cellular cytotoxicity of herpes simplex-virus an tigen-
coated human erythrocyte targets by monocytes and lympho-
cytes [26]. Thus, antigen-specific antibody-dependent cytotox-
icity may be a mechanism of cell-mediated t issue injury in 
recunent erythema multiforme. 
The authors thank Eleanor Manseau and Christine Howard for 
expert technical assistance. 
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Aberrations in T -Cell Subpopulations in Patients with Psoriasis and 
Psoriatic Arthritis 
DAFNA D. G LADMAN, M .D ., F.R.C.P.(C.), F.A.C.P., EDWARD c. KEYSTONE, M.D., F.R.C.P.(C.), F.A.C.P., AND 
RICKY K. SCHACTER, M.D., F.R.C.P.(C.) 
University of Toronto, Rhewnalic Disease Unit, The Wellesley Hospital (ECK, DDG) and Wom.en '.s College Hospital (RKS, DDG), and The 
Psoriasis Education and R e.search Center (RKS), Vl1omen 's College Hospital, Toronto, Canada 
Peripheral blood T-cell s ubpopulations and B-cell 
numbe r s from 25 patients with uncomplicated psoriasis 
and 22 patie nts with psoriatic arthritis were compared 
with those of 24 age- and sex-matched healthy volun-
teers and 11 patients with rad:iolob>ically defined erosive 
osteoarthritis. The numbers of early and late rosettes 
w e r e found to be reduced in patients with psoriasis, with 
and without arthritis, while the total T-cell population 
(measure d by aminoethylthiouronium bromide-rosettes) 
was found to b e normal. There was no diffe r ence in the 
number of B cells between psoriatic patients and con-
trols. Dose-response studies of mitogen s timulation with 
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Abbreviations: 
AET: aminoelhylthiouronium bromide 
Con-A: concanavalin A 
FC. : fetal calf serum 
HBSS: Hanks' balanced salt solu tion 
lg: immunoglobulin 
NSAID: nonsteroidal anti-in!lammatory drugs 
PBM: peripheral blood mononuclear cells 
PBS: phosphate-buffered saline 
PHA: phylohemagglu tinin-P 
PWM: pokeweed mitogen 
SHBC: sheep reel blood cell (s) 
UVll: ullraviolel radiation 
phytohemagglutinin and concanavalin A revealed gen-
erally highe r proliferative responses in the psoriatic pa-
t ients only at supraoptimal concentrations. The poke-
w eed mitogen response, however, was reduced in pa-
tients with c utaneou s psoriasis and increased in patients 
with psoriatic arthritis. These studies further support 
the concept of an immunologic imbalance in lymphocyte 
populations from patients with psoriasis and psoriatic 
arthritis. 
It has been proposed t hat immunologic a bnormali t ies m ay 
play a role in t h e pathogenesis of psoriasis a nd psoriat ic a r t lu·itis 
[1. ,2]. Evidence to support this t heory has accumulated in the 
past d ecade [3-16]. E levated levels of immunoglobulins have 
been found in the sera of patien ts with pso rias is and psoriatic 
a rth.ri t is [3,4] a nd a nti-immunoglobulin activi ty has been dem-
onstrated in bot h sera [ 4-6] a nd tissues [7-9] of psoriatic 
patients . These findin gs have suggested a hyperactive B-cell 
r esponse. Studies of cell-m ediated immune response in psoriatic 
pati ents have been contra dictory. T h e r esults of mitogen stim-
ulation studies ha ve varied and include r eports of increased, 
dec reased , and norma l responses [10- 17]. ImpaiTed suppressor 
T -cell activity has recen tly been demonstrated in both cu ta-
neo us psori asis [18,19] a nd psoria t ic a rthri t is [20]. T-cell num-
bers reported in the li terature have varied from low [12,13,-
17,2 1-25] to normal [26,27]. 
The present investigation was carri ed out in order to cla ri fy 
some of the contra dictory results described in patients with 
psorias is and psoriat ic a rthritis. We have enumerated periph-
eral blood T-cell subpopulations and B-cell numbers in patien ts 
